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Collagen studies in newborn rat kidneys with incomplete ureteric
obstruction. Collagen studies in newborn rats with incomplete ureteric
obstruction were performed to describe and quantify changes in colla-
gen deposition resulting from urinary tract obstruction at an early
developmental age. Incomplete ureteric obstruction was created in
three-day-old rats by placing the left ureter in a tunnel formed by the
psoas muscle, and sham-operated controls underwent a laparotomy.
The rats were sacrificed at 10, 17, 24 or 31 days. Collagen types I, III,
IV, and V were localized by indirect immunofluorescence microscopy,
the total collagen content of the kidney was quantitated using hy-
droxyproline analysis, and collagen types I and III were quantitated
using cyanogen bromide (CNBr) peptide analysis. Increased immuno-
fluorescent staining for all of the collagens was found in the diffusely
widened medullary interstitium of the obstructed kidney, and more
focally in the cortical interstitium. Collagen types I, III and V, but not
collagen type IV, were also found in bands in the interstitium at the
junction of the cortex with the medulla. Increased staining for collagen
type IV was found in thickened and tortuous tubular basement mem-
branes (TBM) of the obstructed kidneys. The total collagen content of
the obstructed kidney was significantly increased compared to the
amounts in both the contralateral kidneys and in the kidneys from
sham-operated controls at 24 and 31 days of age (P < 0.01 in each case,
Wilcoxon matched pairs rank sum test and Mann Whitney U-test,
respectively). The amount of collagen in the kidneys correlated with the
degree of hydronephrosis (Spearman correlation test, r = 0.78, P <
0.02). CNBr peptide analysis demonstrated that over 50% of the
collagen in the normal neonatal rat kidney was collagen type I and
approximately 25% was collagen type III. In the obstructed kidneys
most of the collagen was also collagen type I and collagen type III,
although the proportion of total collagen comprised by these collagen
types was decreased compared with the controls. The amount of
collagen type III in the contralateral kidneys was reduced compared to
that in the controls. Thus, the neonatal renal response to obstruction
resulted in increased amounts of a range of collagens in the interstitium
and TBM, and the extent of this response was partially related to the
degree of hydronephrosis.
The histological characteristic of both acquired and congen-
ital obstructive nephropathy is interstitial fibrosis. The process
of interstitial fibrogenesis accompanying congenital obstructive
uropathy is particularly important in pediatric practice because
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of the high frequency of progression to end-stage renal failure
even with appropriate surgical treatment [1].
The acute tubulointerstitial nephritis (TIN) that accompanies
acquired obstruction of the urinary tract has been well de-
scribed in the mature kidney in humans and a number of
animals [2—9]. Edema appears within hours of obstruction, and
separates tubulointerstitial components [2, 3, 9]. There is an
influx of leukocytes, predominantly macrophages, into the renal
cortex and medulla within the first 24 hours [10]. Functionally,
the increased interstitial cellularity has been associated with the
production of prostaglandin metabolites and angiotensin II [8,
10, 11], and also with the decline in renal blood flow and
glomerular filtration rate that occur in the days following
obstruction [8, 10—12].
In contrast to the amount of information available regarding
the acute cellular and hemodynamic events occurring with
urinary tract obstruction, comparatively little is known of the
process of fibrogenesis. Acute and chronic TIN seem to form a
continuum in which initial inflammatory responses are over-
taken by destructive fibrogenesis. Increased extracellular ma-
trix (ECM) may be evident after only seven days of obstruction
[2, 13]. In mature rats a several-fold increase in the total
collagen content of the kidney has been described, while the
DNA content of the kidney remained unchanged. It was con-
cluded that there was net gain of ECM and the histological
appearance was not due to relative parenchymal loss [141.
Detailed studies of the molecular composition of the fibrous
tissue, the time course of its formation, the factors involved in
its formation, and the effect of developmental age on fibrogen-
esis have not been performed.
The nature and effects of obstruction on the immature kidney
are different from those on the adult kidney. The effects on
glomerular and tubular function are more severe in the younger
animal than in the older animal [15]. The number of nephrons
eventually developed is lower in animals with obstruction
commencing before the end of nephrogenesis than in control
animals [16], and dysplasia may result in sheep fetuses that
have intrauterine lower urinary tract obstruction [17]. There
may be cessation of renal growth [18]. Incomplete obstruction
in the newborn rat may result in long-term changes to kidney
weight and histology, even if the obstruction only lasts two days
[19]. The differences from acquired obstruction in the adult
probably arise because the most frequent causes of obstruction
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Table 1. Experimental group
3 days
CK
10 days 17 days
CK LOK RCK CK LOK RCK
Number in group N 8 10 7 7 10 8 8
Body weight g 7.1 (0.1) 21.3 (3.0) 19.7 (3.d6) 19.7 (3.6) 33.8 (2,6) 32.2 (5.7) 32.2 (5.7)
Pelvic volume z1 nm° nm 433 (330) nm nm 320 (188) nm
Kidney wet weight mg 57 (8) 125 (34) 157 (26) 164 (36) 227 (48) 179 (44) 211(59)
Kidney dry weight mg 10 (1) 22 (2) 23 (2) 26 (4) 45 (12) 37 (13) 43 (12)
Water content 84.5 82.4 85.4 84.1 80.2 79.3 79.6
% of wet wt
in young children are usually congenital anomalies that begin in
utero and that are usually incomplete in degree [1].
These studies aimed to determine whether an increase in the
renal content of collagen accompanied urinary obstruction in
the newborn rat, to quantitate the types of collagen present, and
to determine the sites of deposition of collagen. The newborn
rat was used because nephrogenesis in the rat finishes toward or
even after delivery [20], and experimental obstruction at this
time affects the kidney at a relatively early developmental
stage. Nephrogenesis in the human is usually an entirely
intrauterine event, being completed by 34 weeks of gestation.
Methods
Model of incomplete unilateral ureteric obstruction
The method of Josephson et al [21] was used to create
unilateral ureteric obstruction in three-day-old female Sprague-
Dawley rats, with the assistance of Mr. John Hutson (pediatric
urological surgeon, Royal Children's Hospital, Melbourne).
The rats were anesthetised using halothane, a laparotomy was
performed, the left side ureter was gently dissected free of
peritoneum under an operating microscope (x 8), the psoas
muscle underlying the ureter was split longitudinally for 2 mm,
the ureter was placed in the trough created, and then the edges
of the psoas muscle were opposed over the ureter using two 9-0
nylon sutures. In sham-operated rats a laparotomy was per-
formed, the ureter was identified and the wound was then
closed. The rats were caged with their mothers and fed ad
libitum.
Preliminary experiments were performed to ensure that the
operation caused obstruction, that the obstruction was incom-
plete, and to observe what effect the presence or absence of a
contralateral functioning kidney at the time of operation had on
the degree of hydronephrosis developed. Ten three-day-old rats
had the left ureter partially obstructed as described. The right
kidney was removed in five rats at the time of operation and the
animals were sacrificed at seven days of age. The right kidney
was removed in the other five rats at seven days of age, and
these rats were sacrificed at 10 days of age. The passing of urine
was observed in these animals each day, the presence of
bladder urine was noted at sacrifice, and the volume of urine in
the obstructed kidney pelvis was measured (as described be-
low). These animals were not used in the collagen studies
described below.
Experimental design and procedures
Experimental groups, consisting of rats with unilateral ure-
teric obstruction and rats who had sham operations, were
examined at 10, 17, 24, and 31 days of age. An additional group
underwent laparotomy and removal of kidneys at three days of
age to provide pre-obstruction baseline data. Female pups from
one or two litters were used to form each experimental group to
minimize genetic variation yet provide enough tissue for the
experiments. These groups were sacrificed by exsanguination
under anesthesia. The number of animals in each group is
shown in Table 1. At the time of sacrifice the left obstructed
kidney (LOK), the right contralateral kidney (RCK) and the
kidneys of rats who underwent sham operations (CK) were
examined. The pelvis of the kidney was carefully aspirated
using a 23 guage needle introduced through the extrarenal pelvis
and the volume of urine was measured. The renal capsule was
removed while the kidneys were in situ, and then the renal
vessels and ureter were cut so that the extra-renal pelvis was
removed. The kidneys were weighed after they were cut
longitudinally and blotted dry (wet weight).
A portion of the lower pole of each kidney was taken and
placed in OCT embedding compound (Miles mc, Elkhart,
Indiana, USA) and frozen in isopentane precooled in liquid
nitrogen. A portion was placed in neutral buffered formalin for
four hours and then paraffin embedded, and the remaining half
of the kidney was reweighed and then stored at —70°C. After
collection of all of the kidneys, the stored tissue was freeze
dried overnight at —20°C, then weighed (enabling calculation of
dry kidney weight). The collection was then milled to a powder
in a Spex freezer mill (Spex Industries, Metuchen, New Jersey,
USA) for collagen and DNA quantitation.
The amount of collagen and the ratio of type I to type III
collagen in different parts of the normal neonatal rat kidney
were analyzed to obtain information about differences within
the kidney. Ten kidneys from 5 normal 31-day-old female
Sprague-Dawley rats were stripped of the renal capsule and the
cortex was cut away from the medulla and pyramid. Three
pools of tissue consisting of the capsules, the cortices, and the
medulla/pyramid tissues were freeze dried and milled to a
powder.
Morphologic and immunofluorescence studies
Paraffin-embedded formalin fixed sections were cut at 1
micron and stained using routine techniques with hematoxylin
and eosin, Masson's trichrome and periodic acid Schiff (PAS).
Indirect immunofluorescence was performed on 2 micron thick
cryostat cut sections from frozen tissue embedded in OCT. The
tissue was blocked using 50% rat and 50% rabbit sera at room
temperature for 30 minutes. The primary antisera used were
affinity purified and affinity isolated polyclonal goat anti-human
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Table 1. Continued
24 days 31 days
CK LOK RCK CK LOK RCK
14 8 8 6 5 5
48.8 (6.0) 45.0 (7.1) 45.0 (7.1) 77.8 (1.4) 81.0(3.4) 81.0 (3.4)
nm 480 (241) nm nm 2300 (1254) nm
279 (37) 258 (27) 284 (30)" 400 (59) 440 (37) 520 (21)C
61(9) 61(13) 60(17) 91(11) 93(14) 120 (5)°
78.1 76.4 78.9 77.3 78.9 76.9
Values given as mean (SD). No kidney from the CK and RCK groups had spontaneously occurring hydronephrosis.
a nm = pelvic volume <50 slb P < 0.05 for the comparison between the RCK and LOK groups
C P < 0.05 for the comparison between RCK and both the LOK and CK groups
Table 2. CNBr peptide analysis of kidney content of types I and III collagen in the experimental group
17 days 24 days 31 days
CK LOK RCK CK LOK RCK CK LOK RCK
Number of kidneys 10 6 6 14 6 8 6 4 4
pooled for analysisa
Collagen
jsg/kidney 472 800 570 663 1478 796 1083 1767 979
Type I collagen"
isg/kidney 172 390 310 347 656 420 637 1011 520
% 37 49 54 52 44 53 58 57 53
Type III collagen"
pg/kidney 72 212 64 133 232 107 341 460 165
% 15 26 11 20 16 13 31 26 17
Type I and Type III collagen
jsg/kidney 244 602 374 480 888 527 978 1471 685
% 52 75 65 72 60 66 89 83 70
a Experiments performed on a pool of kidney tissue derived from an equal amount of tissue from each kidney included. The number of kidneys
included differs from the data of Table I and Figure 4 because not enough tissue was available from every kidney for these experiments.b The results are for the mean of duplicate determinations on pooled samples from each group. The duplicate determinations were within 5%
of the mean except for 1 case (9%).
antisera to type I, type III, type IV and type V collagens
(Southern Biotechnology Associates mc, Birmingham, Ala-
bama, USA), and these antisera were diluted to 1:49 (types I
and V) or 1:99 (types III and IV) in 10% rat and 10% rabbit sera
in phosphate-buffered saline (PBS: 0.15 M NaC1, 0.1 M phos-
phate, pH 7.4) and applied for one hour. After washing with
PBS, FITC conjugated rabbit anti-goat IgG (Cappel Scientific
Division, Cooper Biomedical Inc., Malvern, Pennsylvania,
USA) was applied at 1:49 in the same diluent used for the
primary antisera for 30 minutes. The sections were washed with
PBS, and then 50 p1 of 50% glycerol and 1% Dabco (Sigma
Chemical Co, St Louis, Missouri, USA) in PBS was applied
before coverslipping to retard quenching. The fluorescence was
viewed and photographed (Laborlux S photomicroscope, Leica
Instruments Pty Ltd., Wetzlar, Germany) using TMY-400 film
(Eastman-Kodak, Richmond, Illinois, USA).
Collagen quantitation
The amount of total collagen, collagen type I and collagen
type III in the kidney was quantitated in the CK, RCK and
LOK.
Hydroxy-proline analysis of total collagen. Four milligrams
of lyophilized and powdered kidney were hydrolyzed in 300 p1
of 6 M HCI and incubated under nitrogen overnight at 110°C.
The sample was dried under vacuum and redissolved in 300 p1
of 0.1 M HCI. The content of hydroxy-proline in the sample was
then determined by the method of Rojkind and Gonzalez [22].
Samples from each kidney were assayed in triplicate. The total
collagen content of the kidney was calculated from the hy-
droxyproline result [23]. The collagen result was expressed as
pg/mg dry weight of kidney, gJmg wet weight of kidney,
pg/kidney and pgIpg of DNA (see below).
Quantitafion of collagen type I and collagen type III. Where
sufficient tissue was available, four mg of lyophilized kidney
from the animals in the groups sacrificed at 17, 24, and 31 days
were pooled to form CK, LOK, and RCK poois of tissue. The
number of kidneys making up each pool is shown in Table 2.
The pooled lyophilized kidney was extracted with 25 ml of 50
ifiM Tris-HCI buffer, pH 7.5, containing 0.15 M NaCI and the
proteinase inhibitors 10 msi N-ethylmaleimide, 1 mM phenyl-
methane sulphonyl fluoride and 5 mM EDTA at 4°C for 24
hours. The solution was centrifuged at 15,000 r.p.m. for 45
minutes and the pellet was extracted with 10 ml of 0.5 M acetic
acid for 24 hours at 4°C. The solution was centrifuged at 15,000
rpm for 45 minutes again and the pellets were freeze dried. An
hydroxyproline analysis for collagen was made on the neutral
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salt buffer and the acetic acid extracts to ensure collagen was
not lost in these steps. CNBr cleavage peptides were produced
following the method described by Scott and Veiss [24]. The
lyophiized pellet was subjected to CNBr cleavage, and the
resultant peptides were analyzed by SDS polyacrylamide gel
electrophoresis (SDS PAGE) using 12.5% (wtlvol) running and
4.5% (wt/vol) stacking gels. The sample preparation, electro-
phoresis conditions, gel staining with Coomassie Blue and the
method of quantitating the types of collagen by densitometry
have been described elsewhere [24-26]. The CNBr cleavage
peptides used for analysis were al(I)CB8 and al(III)CB5,
because these peptides are not overlapped by other CNBr
peptides, they run close together on SDS polyacrylamide gels,
and they do not form cross linkages with other peptides so that
the complete quantitation of collagen types I and III is possible
[25]. The collagenous nature of the SDS PAGE bands were
checked by running gels where the CNBr peptide had been
digested with bacterial collagenase (Cooper Biomedical Inc.).
Types IV and V collagen cannot be quantified using this method
because the SDS PAGE bands of their CNBr peptides overlap
with the bands of other CNBr peptides.
DNA quantitation
Powdered kidney was hydrated in 1 x SSC (0.15 M NaCl,
0.015 M Na3 citrate, pH 7.0) overnight at 4°C. The sample was
sonicated and the insoluble matrix as removed by centrifuga-
tion. DNA quantitation was performed by microfluormetry
using Hoechst 33258 dye (Farbwerke Hoechst, Frankfurt, Ger-
many) following the method of Cesarone, Bolgnese and Sank
[27]. Samples were assayed in duplicate and repeated if >10%
discrepancy was found between the results. The mean of the
duplicate results was used for comparative purposes.
Statistics
The results of the studies for the LOK and RCK at each age
were compared using the Wilcoxin signed rank test for matched
pairs. The comparisons of the results for the LOK and RCK
with those of the CK results at each age, and all comparisons
between groups of different ages were performed with the
Mann-Whitney U test. Correlations have been sought using the
Spearman correlation test. The tests were performed using the
Systat statistical software package (Systat Inc., Evanston,
Iffinois, USA).
Results
The preliminary experiments demonstrated that in all cases
(N = 10) the left kidney became hydronephrotic (pelvic vol-
umes between 90 d to 500 d, mean volume = 260 l). The
degree of hydronephrosis in the rats without a right kidney from
three days of age was similar to the degree of hydronephrosis in
those rats in whom the kidney was removed seven days later.
All animals passed urine after the right kidney was removed,
and urine was observed in the bladder of all rats at the time of
sacrifice.
Body weight, kidney weight and pelvic volume
The body weights of the experimental and the sham-operated
rats were similar (Table 1). The pelvic volumes of the CK and
of the RCK were less than 50 d. The pelvic volume of the LOK
was increased, and the degree of hydronephrosis was quite
variable, as indicated by the standard deviation results. Signif-
icant differences between the weights of the kidneys in each
group are shown in Table 1.
Morphology
The RCK and CK were similar on histological examination,
and were considered normal.
The LOK had variable degrees of hydronephrosis, and with
more hydronephrosis there was thinning of the parenchymal
width and stretching of the parenchyma both axially and
transversely. There was flattening and shortening of the papilla
with age, and this was more severe in animals with a greater
degree of hydronephrosis. This resulted in a thinner parenchy-
mal width, and the medullary tubules ran at varying degrees of
obliquity, with respect to the surface of the kidney, towards the
papillary tip. Examples of pathologic changes at 24 days of age
are shown in Figure 1. The collecting ducts and distal tubules
were consistently dilated, and sometimes the proximal tubules
and Bowman's space were dilated. Widened tubules, particu-
larly in the cortex, were surrounded by ECM at 31 days, and
they frequently contained casts. The interstitium was widened
diffusely throughout the medulla and pyramid, but the changes
were more focal at the cortico-medullary junction and least
severe in the outer cortex. The interstitium contained a marked
mononuclear infiltrate. At 24 and 31 days of age bands of
interstitial cells and ECM running radially in the medulla to the
cortico-medullary junction or, occasionally, running along the
junction of the medulla and cortex were found. These bands of
fibrous tissue appeared to be separate from the thickened walls
of blood vessels. No areas of hemorrhage, calcification or renal
dysplasia were found.
Immunofluorescen: localization of co/la gens I, III, IV, and V
Results for the CK and RCK were similar. In three-day-old
kidneys, collagen types I and III were found in the cortical and
medullary interstitium. The immunofluorescent staining for
these collagens was brightest at the junction of the outer
medulla and the inner cortex, and the staining faded towards the
cortical surface. In the outer cortex there was staining between
cells that were not yet undergoing nephrogenesis. Those cellu-
lar aggregates undergoing nephrogenesis (comma shaped bodies
and S-shaped bodies) showed much less staining. The branches
of the uretenc bud and the collecting duct were surrounded by
collagen types I and III. Collagen type IV was found in the
deeper glomeruli but not in the more superficial or developing
glomeruli at three days of age. The staining was localized to the
tubular basement membranes (TBM) and was most intense in
the outer medulla and inner cortical areas, glomeruli and
Bowman's capsule.
The CK and RCK examined at 10, 17, 24, and 31 days of age
had a similar pattern of distribution for each collagen type, and
the intensity and amount of staining for each collagen type
examined increased with age. Both collagen types I and III
were found in the interstitium, the periglomerular areas, and in
blood vessel walls (Figs. 2A, 3A, 3B, and 4C). No glomerular
staining was observed. Collagen type IV was found in the
glomerular basement membranes (GBM) of the outer cortical
glomeruli, Bowmans capsule and the TBM (Figs. 3C, 4A).
Collagen type V was found in a similar distribution to collagen
type IV, with the exception that relatively more staining was
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Fig. 1. Photomicrograph of PAS stained sections from 24-day-old rat kidney. (A) A section of LOK cortex showing interstitial hypercellularity
and widened interstitial spaces (x 1000). (B) Cystic dilation of some subcapsular tubules and widened interstitial spaces in a LOK, cortex at the
right and the medulla is toward the left (x 100). (C) A focal area of interstitial widening at the corticomedullary junction in a LOK, medulla toward
the upper right corner (x250), and (D) normal cortex (x 1000).
found in the inner medullary areas, and in mature glomeruli the
staining was clearly mesangial rather than in the GBM.
The findings in the LOK reflected the morphological changes
discussed above. The interstitial spaces were widened through-
out the medulla and cortex, and these were filled with collagen
types I and III (Fig. 2 at 10 days, and Figs. 3D, E, I, and 4D at
24 days of age). Collagen type IV was found in the interstitium,
but this was scant in amount compared to the increased
amounts in the tubular basement membranes near tortuous and
dilated tubules (Fig. 4B). The bands of ECM seen on the
histolopathologic examination in the medulla and cortico-med-
ullary junction stained for collagen types I, III, and V (Fig. 3D,
E, and G), but not for collagen type IV (Fig. 3F). Collagen types
I and III were not present in the glomeruli, and the glomerular
staining for collagen types IV and V was normal. The blood
vessel adventitia and the perivascular areas were thickened and
contained more collagen types I and III, as is shown in Figure
3, panels H and I. A reliable subjective comparison of the
quantity of the types of collagen present in the LOK, RCK, and
CK could not be made histologically because of the changes in
morphology of the LOK caused by the hydronephrosis.
Collagen quantitation
The weights of the left and right kidneys of the sham-operated
rats were similar. The mean difference between the amount of
collagen in the right kidney and the left kidney of the same
sham-operated rat was 10.1% of the mean value of the two
kidneys (N = 24 pairs), and there was no tendency for either
side to be consistently heavier (the right kidney was heavier
than the left in 13 cases). Thus, the right and left kidney results
for the sham-operated operated animals were pooled for com-
parison with results from the experimental rats.
Hydroxy-proline analysis of total collagen. The total collagen
content of the kidney and the proportion of the dry weight of the
a: .'aeia-. Li x.oana..aw. • - -
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Fig. 2. Immunofluorescent micrographs using anti-collagen III antiserum on renal sections at 10 days of age from a CK (A) and from a LOK (B)
illustrating the compression of the parenchyme, dilation of collecting ducts and distal tubules and the abnormal orientation of the tubules
(magnjfication X200).
kidney comprised by collagen are shown in Figure 5. The total
collagen content of the LOK was significantly higher than that
in either the paired RCK or the CK at 24 and 31 days of age. In
contrast, the dry weights of the LOK were significantly de-
creased compared to those of the RCK at 31 days (Table 1).
Consequently, the amount of collagen as a proportion dry
weight was increased in the LOK compared to both the RCK
and CK at 24 and 31 days. Collagen was produced in all the
kidney groups during growth, but the net rate of production and
total amount was greatest in the LOK between 17 and 24 days
of age.
At 24 days a correlation between the total collagen content of
LOK and the volume of urine in the pelvis of the kidney was
found (N = 8, r = 0.78, P < 0.02), and this was more significant
if the data from the sham-operated operated rats are included
(N = 22, r = 0.73, P < 0.001, Fig. 6). A similar correlation was
found between the pelvic volume and collagen content of LOK
at 31 days (N = 4, r 0.8).
Quantitation of collagen type I and collagen type III. No
hydroxyproline was found in the neutral salt buffer extract or in
the 0.5 M acetic acid extract. Following CNBr cleavage of the
lyophilized pellet there was no precipitate on centrifugation.
Thus, the sample preparation did not result in loss of significant
amounts of collagen and complete collagen solubilization was
obtained with CNBr cleavage. An example of a gel is shown in
Figure 7. The amounts of CNBr peptide obtained in the rats
aged less than 17 days of age were insufficient for analysis. The
results obtained in the groups of rats aged 17, 24 and 31 days are
shown in Table 2.
In the CK the amount and the proportion of total collagen of
the kidney comprised by collagen types I and collagen type III
increased with age. These two collagen types accounted for
most of the collagen, and the ratio of collagen type Ito collagen
type III decreased from 2.5:1.0 at 17 days of age to 1.9:1.0 at 31
days of age. The ratio of collagen type I to collagen type III
within the normal kidney of 31-day-old rats was 2.0:1.0 in the
cortex, 0.7:1.0 in the medulla/pyramid and 1.0:1.0 in the cap-
sule. The LOK contained increased amounts of collagen type I
and collagen type III compared to that in the CK at all ages. The
amount of collagen type I in the LOK was almost as much as
the total amount of collagen in the CK at 31 days of age. As
shown in Table 2, the proportion of the total collagen content of
the kidney comprised by both collagen type I and collagen type
III was higher in the LOK than in the CK at 17 days of age, but
this proportion became lower in the LOK compared to the CK
at 31 days of age. This indicates that the amount of collagen not
Fig. 3. Immunofluorescent micrographs of renal sections from a CK at 24 days using antisera to collagen I (A), collagen III (B), and collagen IV
(C); sections from a LOK showing an area of interstitial fibrosis probed using aniisera to collagen 1 (D), collagen III (E), collagen IV (F) and
collagen V (G), and the adventitial coat and perivascular interstitial area of a LOK stained using antisera to collagen IV (H) and collagen I (1)
(magnification x200).
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Fig. 4. Immunofluorescent micrographs of CK and LOK from rats at 24 days using antiserum to collagen IV (A and B, respectively) and collagen
III (C and D, respectively; magn(fication x800).
quantitated by CNBr peptide analysis (such as collagen IV or V
and others) increased in the obstructed kidney. The relative
proportions of collagen types I and III in the cortex and medulla
of the hydronephrotic kidney could not be evaluated because
the cortex could not be accurately dissected from the medulla.
In the RCK the amount and proportion of collagen type I were
similar to that in the CK, but the amount and proportion of
collagen type III decreased with age in the RCK in comparison
with those values in the CK.
DNA quantitation
The mean result of the ratio of DNA to dry weight decreased
with age in CK (Fig. 8A), and this was significant between three
days of age and all other ages, and between 10 and both 24 and
31 days of age (P < 0.01). There were increases in the amount
of DNA per kidney in each of the groups with age (Fig. SB, P <
0.01 in each case, except for the LOK between 10 and 17 days
of age, and the RCK between 24 and 31 days of age, where P>
0.05). No significant differences for the DNA content or the
ratio of the amount of DNA to dry weight between the LOK,
RCK, or CK were found at any age. The ratio of the amount of
collagen to the amount of DNA (Fig. 8C) increased between 3
and 10 days of age within all groups, and also increased in the
CK between 10 and 17 days of age (P < 0.01). In CK the ratio
was similar from 17 to 31 days of age. The same pattern was
observed in the LOK and RCK and, although the ratio tended
to be higher for the LOK and lower for the RCK, no significant
differences between the groups were found at any age.
Discussion
The pathologic marker of irreversible renal injury is intersti-
tial fibrosis. The degree of interstitial fibrosis is the most useful
measure of the degree of renal injury, and it correlates fairly
well with indices of functional renal impairment, such as
glomerular filtration rate [28—37]. However, there are few
studies of the molecular nature of interstitial fibrosis, or even of
the normal composition of the interstitial matrix of the kidney.
This study provides some information in the setting of neonatal
ureteric obstruction.
The data from the experiments on the CK group provided
information concerning changes in the total amount of collagen,
the amount of collagen types I and III, and the amount of DNA
(a measure of the number of cells) in normal newborn rat
kidneys. Using the hydroxyproline and DNA analyses to de-
scribe whole kidney kinetics, the amount of collagen in the
kidney doubled compared to the amount of DNA in the kidney
over the first 17 days of life. The total amount of collagen in the
kidney increased at a linear rate over the first 31 days of age.
This increase was approximately proportional to the increase in
the dry weight of the kidney (the ratio of collagen to dry weight
remained approximately constant). However, the proportion of
collagen that was either type I or type III increased with age.
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Fig. 6. The total kidney collagen content is plotted against the pelvic
volume of 24-day-old LOK (N = 8, black squares), and CK (N 14,
indicated by mean and standard deviation bars because the pelvic
volume was less than 50 pi in each case).
Time, days
Fig. 5. The amount of collagen per mg dry weight (A) and the total
kidney collagen content (B) at each time point. The bars represent mean
values: filled bars, CK; the hatched bars, LOK; and the stippled bars,
RCK. Standard errors are shown. The results of the statistical compar-
ison of the LOK with CK (Mann-Whitney U test) or RCK (Wilcoxon
matched pairs rank sum test) are indicated by the filled circles (P <
0.01), filled square (P < 0.05), and the open circle (P < 0.02).
This suggests there was relatively greater development of the
interstitial spaces (which contained these collagens) compared
to the basement membranes (which did not contain these
collagen types) with age, and this proposition was supported by
the finding of increased immunostaining for collagens types I
and III in the outer cortical areas at older ages. It is clear from
the histological, immunofluorescent, and biochemical studies
that the kinetics of cell production of collagen are rapidly
changing over this time. A pathological insult at the this
developmental age could be expected to profoundly affect
collagen deposition.
The morphological findings in the LOK were similar to those
previously described using this model [22]. Josephson [381
found that in this model of ureteric obstruction the glomerular
filtration rate (GFR) was reduced by only 10% and the number
of glomeruli was reduced by 19%. The relatively gross nature of
the morphological changes seem discordant with such a small
reduction in GFR, but the morphological changes may reflect
the relative weakness and lack of development of the support-
ive interstitial tissues. Similar findings are frequent in human
infants with hydronephrosis with incomplete lower urinary tract
obstruction. Collagen is thought to be a major supportive tissue
in the kidney, and it is conceivable that a small increase in
urinary space pressure would result in marked hydronephrosis
in a rapidly growing kidney where, as discussed above, the total
amount of collagen in the normal kidney increased from approx-
imately 100, to 500, and then to 1000 p.g per kidney at 3, 17, and
31 days of age, respectively.
Neonatal renal obstruction was associated with abnormal
collagen metabolism. Abnormalities in both the location and
quantities of the subtypes of collagen were found in the ob-
structed kidney. Collagen IV was found in the interstitium.
Bands of fibrous tissue, areas of histological scarring containing
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Fig. 7. Photographs of a Coomassie blue stained SDS-PAGE gels showing (A) CNBr peptides of collagen present in, from left to right, human
collagen standard and 31-day-old rat kidney capsule, cortex, and medulla/pyramid; and (B) CNBr peptides of, from left to right, human collagen
standard, kidney capsule, collagenase digested capsule, collagenase digested cortex, and collagenase digested medulla/pyramid. PG =a
non-collagenous glycoprotein. The CNBr peptides used to quantitate collagen types I and III are shown.
collagens I, III, and V were found, and the medullary intersti-
tium was diffusely widened with collagen. The biochemical
results show the increase in collagen was real, not a result of
parenchymal collapse.
The amount of collagen was increased in the LOK even
despite the decrease in weight of the LOK compared to the
contralateral kidney. The increased amount of total collagen
was mainly due to a proportional increase in interstitial colla-
gens types I and III. The rate of production of collagen was
greatest between 17 and 24 days. The mechanism of the
increase in total collagen could either be due to decreased
collagenolytic activity or increased production of collagens. It
would seem more likely to have been due to increased produc-
tion as the amount of collagen was increasingly rapidly in the
growing sham-operated rat kidneys, and collagenolytic activity
is likely to be not so important at this age. However, in an adult
rat model of complete ureteric obstruction an increase in
collagen was found to be associated with a decrease in collag-
enolytic activity [14].
The correlation between the pelvic volume of urine and the
amount of collagen in the LOK at 24 and 31 days suggests that
distention may play a role in the production of kidney collagen.
The finding of increased amounts of interstitial collagen could
be seen as a structural response to tissue subject to tension and
stress. The finding of bands containing collagen I and III at the
junction of the outer medulla and inner cortex, with effacement
of the pyramid and inner medulla would support this idea.
However, the stimulus may be more complicated because the
amount of collagen type III in the normal rat medulla and
pyramid was found to be greater than the amount of collagen
type I, yet the increase in collagen in the obstructed kidneys
was predominantly collagen type I.
The cell types that produce and regulate the production of
collagen in different interstitial diseases have not been defined.
Recent human studies have demonstrated a number of morpho-
logically-distinct fibroblast cell types which produce collagen in
different amounts [39]. The lack of antisera or markers that
identify fibroblasts distinctly from other cells (for instance
macrophages or smooth muscle cells) has prevented these
experiments being done in situ. There is some evidence that
other cell types may be involved in these processes. For
instance, the tubulointerstitial inflammation and matrix changes
found in the puromycin aminonucleoside (PAN) nephrosis rat
model have been studied in detail [40—43]. The increased
interstitial cellularity found in that model, as in rat models of
ureteric obstruction in the mature rat kidney [10, 12], was
mainly due to macrophage infiltration. The acute renal func-
tional changes found in PAN nephrosis were decreased by
manipulations that reduced macrophage infiltration of the renal
interstitium [42], and this has also been described in acute
ureteric obstruction [12, 44]. These manipulations also reduced
the amount of chronic interstitial fibrosis in PAN nephrosis [43].
Production of collagen type I was markedly increased in PAN
nephrosis, and the in situ localization of mRNA for a 1(I)
collagen identified the interstitial cell as the cell of origin of
collagen type I [41]. The predominant interstitial cell identified
was the macrophage, and the number of bone marrow derived
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fibroblasts was decreased in number compared to that in
controls [41].
An increase in the amount of DNA in the completely ob-
structed adult kidney has been observed [14]. It may be
partially accounted for by the mononuclear cell infiltrate as has
been noted in obstructed kidneys [8, 10, 11]. A diffuse intersti-
tial mononuclear cell infiltrate was identified in this model of
obstruction. The mitotic activity of interstitial cells, loop of
Henle and collecting duct cells, has been shown to increase
over the first few days following obstruction and may take 21
days to return to normal [45]. In another study increased
amounts of DNA were present after 24 hours of obstruction,
and reached a maximum at six days before slowly falling to
control levels [46]. The pattern of changes reported in the
contralateral kidney is similar to, but less than, that observed in
the obstructed kidney. In this study no significant changes in
the amount of DNA as a proportion of dry weight or in the total
DNA content of the LOK or RCK were found, although the
mean values tended to be higher in the LOK groups. The
rapidly growing neonatal kidney may not be able to respond to
an obstructive insult with a further increase in mitotic rate.
Considerable variability was found within the LOK groups, and
this variability may have been due to different degrees of
obstruction, even though no correlation was found with the
degree of hydronephrosis.
The collagen growth responses in the RCK complement the
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work of Hampel and Klein [47] on compensatory hypertrophy.
They found that, in the 30 days following unilateral nephrec-
tomy, the remaining kidneys of 12-week-old rats increased in
weight to 160% that of control kidneys and had an increase in
collagen content of 130%. Thus, collagen mass as a proportion
of dry weight decreased. In the current studies, the stimulus for
compensatory hypertrophy was less because of the remaining
function of the LOK and the rats were much younger. How-
ever, the weight of the RCK was increased compared to the
paired LOK and to the normal CK group at 31 days. Although
the total amount of collagen was similar in the RCK and CK
groups, the ratio of the mean amount of collagen to the amount
of DNA was lower in the RCK than in the CK from 17 days, and
the amount of collagen III was always lower than that in the
comparable CK groups. These findings suggest that the com-
pensatory response leads to a relative fall in collagen elabora-
tion (and probably that of other ECM proteins), and a qualita-
tive change in the nature of the ECM produced.
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